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Abstract 
The lens module is widely used in many types of equipment, such as mobile phone, image 
recognition product, iPad, computer camera module, security product, car rear view module, industrial 
endoscope and medical endoscope product. In the process of appearance quality inspection of lens 
module, it is a problem that the inspection accuracy depends mainly on manual workers. To save the time 
and amount of this quality detection labor, it’s necessary for us to design the lens module’s appearance 
quality automatic inspection system. This paper proposes a subpixel-accurate edge detection algorithm 
based on wavelet transform with the cubic spline interpolation for the lens module’s appearance quality 
inspection system. Firstly, calculate the wavelet modulus maximum, and detect a pixel-accurate edge. 
Then apply the cubic spline interpolation to obtain subpixel-accurate edge at the side of the pixel-accurate 
edge. Finally, an industrial measurement method using this subpixel-accurate edge detection algorithm is 
studied, and some experiments are conducted to demonstrate the effectiveness of the lens module’s 
appearance quality inspection system. Comparing with the traditional methods, the lens module’s 
appearance quality inspection system has a good anti-noise performance and stable inspection accuracy. 
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1. Introduction 
The lens module consists of BARREL, LENS, filter and HOLDER part. The general 
structure of the lens module is composed of several plastic or glass lenses.The lens structure 
can be divided into 1P, 2P, 1G1P, 1G3P, 2G2P, 4G type. A typical lens module is shown in 
Figure 1. 
 
 
 
(a) Lens structure 
 
(b) LENS and BARREL 
 
Figure 1. Lens module 
 
 
Quality inspection of lens module usually consists of three items: 
1) Appearance of structure detection 
Detection including the total lens module’s height, LENS diameter, PCB image module 
length and width, thickness of FPC etc. The surface besides the lens’s light hole cannot be 
scratched and dirty, dot area is less than or equal to 0.2mm2, the edges and corners of 
HOLDER can not be injured etc. 
2) Function test 
Including light leakage, TV resolution test, visual angle, color characteristics etc. 
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3) Reliability test 
Including strength test (base adhesion, LENS torque), life test, environment test etc. 
The quality detection task of appearance and the structure is an important step of qulity 
detection for lens module. In this paper, machine vision is applied and the algorithm of the 
wavelet transform with the cubic spline interpolation for the lens module’s measurement system 
is studied, which consists of three parts: 
1) Detection of BLOB based on morphology, 
2) Detection of lens size, 
3) Detection of lens height. 
 
 
2. Methods 
 
2.1. Theory of Wavelet Transform Edge Detection 
In lens module’s appearance quality automatic inspection system, it’s a basic task to 
measure the lens module’s size, and so it’s necessary to detect the edge of a lens module’s 
digital image. The edge consists of the key points which gradiant value is significantly changed 
in gradient image [1]. 
We can partly obtain the whole characteristic of an image by the classical image pixel-
accurate processing algorithms, such as Sobel operator, Roberts operator, Canny operator [2, 
3]. The localization of Sobel operator is pixel-accurate, which is particularly suitable for a much 
noisy image. Roberts operator extracts an image and obtains the coarse edge, therefore the 
edge location is not accurate, Roberts operator is suitable for a low noisy image.The Canny 
operator is an effective edge detection algorithm, which is not easily interfered by the 
noise.Canny operator, using two different thresholds, respectively detects strong edges and 
weak edges. When the weak edge and the strong edge is connected, the weak edge will 
be included in the output edges. Therefore, Canny operator is easier to detect the real edge. 
As early as 1987, Mallat applied wavelet analysis technology into image’s edge 
detection [4], and presented the corresponding edge detection algorithm. Studies show the 
wavelet transform not only has a good localization property in the time domain and the 
frequency domain, but also the signal singularity analysis is useful to detect the edge better. 
Regarding to multi-scale factor, the wavelet analysis is a good and effective way to 
extract the edge of a workpiece’s image [5]. When a large scale factor is applied, we can get 
stable edge with higher anti-noise performance. When a small scale factor is applied, we can 
get more information on an edge with higher localization performance. 
Firstly, smooth the image with filter function. Assume that (u,v) is a 2-D Gaussian 
function with , then take the mother wavelet function as following function (1). 
 
,       (1) 
 
If  and , then the wavelet transform 
function ݂ሺݔ, ݕሻ is computed as follow equation (2). 
 
        (2) 
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Where and are two differential functions in the horizon and vertical 
direction at the scale factor , which reflect the different edge property along the horizon 
direction and vertical direction. And so  and  are two sections of a gradient vector. 
The module and the phase of the gradient vector are computed by equation (4). 
 
       (4) 
 
From above, the local gradient vector’s wavelet modulus maximum  in the 
direction  indicates the corner of the smoothen image , so that the multi-scale 
factor edges of the image can be extracted by the local wavelet modulus maximum. In order to 
avoid the fake edge, a threshold T is selected, the local wavelet modulus maximum should be 
larger than T. 
The measurement effect with wavelet modulus maximum algorithm (WMMA) is shown 
in Figure 2. 
 
 
    
(a) BARREL                               (b) LENS 
 
Figure 2. Measurement effect with wavelet modulus maximum algorithm 
 
 
2.2. Theory of the Cubic Spline Interpolation 
In recent years, a wide variety of approaches of the subpixel technology have been 
taken in size measurement system. There are several subpixel-accurate edge detection 
algorithms as follows [2, 6]. 
● Gemetry character: the algorithm is always used to analyze the image with regular 
shape (circular, triangle, square shape). 
● Interpolation: the algorithm is used to analyze the image with less time and higher 
accuracy in localization of an edge, which includes linear interpolation, spline interpolation, 
bilinear interpolation, bi-cubic B-Spline surface interpolation. 
● Moment estimation: the algorithm is used to analyze an image with higher accuracy in 
localization of an edge, but usually take longer time, such as Zernike moment. 
Compared with the other two algorithms, spline interpolation is an algorithm with high 
accuracy and good anti-noise performance. 
It’s necessary to select the right rank of the spline. If there is an image mixed with much 
noise, we should deal with the image by the lower rank spline. When we apply the higher rank 
spline interpolation, it needs longer time to calculate or probably lead to no computing result. 
When we apply the lower rank spline interpolation, it is easy to make the first or second 
derivative discontinuous at the end or start point. Therefore the cubic spline interpolation is 
mostly applied. 
The cubic spline interpolation fits the points of the pixel-accurate edge with a cubic 
spline surface [7-10]. The subpixel interpolated points are also considered as a combination 
with the points neighborhood around them. Study shows the cubic spline interpolation algorithm 
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produces a smoother surface than linear interpolation algorithm. As an example, the cubic 
spline subpixel interpolation of a row of pixels is shown in Figure 3 [10-12]. 
 
 
 
 
Figure 3. Subpixel cubic spline interpolation of a row of pixels 
 
 
The cubic spline interpolation formula is given by equation (5). 
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Where hi=xi-xi-1, xi is the horizon direction or vertical direction coordinate of subpixel-
accurate edge point. yi is the grayscale value of the pixel-accurate edge point. C0~Cn are 
computed by the following matrix equation (6). 
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If we detect the above subpixel-accurate boundary, we can select a first point on the 
detected pixel-accurate edge, construct the cubic spline function with the search of 
neighborhood points (left and right, left and right). The function )(xSi  is given by equation (7). 
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Where the point’s light intensity function is maximized, there is a desired subpixel-
accurate edge point, and so we can obtain all the subpixel-accurate boundary points by 
calculating the extremum of the function )(xSi  point by point. As usual, we can obtain the 
extremum by calculating that the second derivative of )(xSi  with respect of x  is zero. 
From above, the pixel-accurate edge of an image is obtained at the position where the 
wavelet modulus is maximized. The experimental process description of cubic spline subpixel 
edge detection algorithm is shown in Figure 4. 
 
 
 
 
Figure 4. Experimental process description of the cubic spline subpixel edge detection algorithm 
 
 
3. Results 
Install the experimental device and detect the appearance quality for lens module with 
machine vision.The experimental equipment is shown in Figure 5. The resolution of this 
industrial camera is 1280×1024 pixels. 
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Figure 5. Experimental equipment 
 
 
Besides the coordinates with the two subpixel-accurate measurement edges of the 
image, we can measure the subpixel-accurate size of the LENS. The local size measurement 
effect at a different wavelet scale is shown in Figure 6. Some experiments are carried out to test 
this method. The LENS’s size deviation with different edge detection algorithms is shown in 
Table 1. 
 
 
  
(a) j=1                                 (b) j=2 
 
Figure 6. Local measurement effect at a different scale 
 
 
Table 1. The LENS’s size deviation with different edge detection algorithms (unit:mm) 
NO. Canny Wavelet spline subpixel algorithm Wavelet modulus maximum algorithm 
1 -0.01947 -0.000335 -0.00306 
2 -0.02617 0.000335 0.01194 
3 0.10133 0.000335 0.01454 
4 -0.01947 0.000335 -0.00566 
5 -0.02617 0.000335 -0.00566 
6 0.09463 -0.000335 -0.00226 
7 -0.02617 -0.000335 -0.00226 
8 -0.02617 -0.000335 -0.00226 
9 -0.02617 0.000335 -0.00306 
10 -0.02617 -0.000335 -0.00226 
 
 
Compared with the pixel-accurate edges, subpixel-accurate edges can more accurately 
reflect the true LENS’s size. The LENS’s size deviation graph with different edge detection 
algorithms is shown in Figure 7. 
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Figure 7. The LENS’s size deviation graph with different edge detection algorithms (unit:mm) 
 
 
In order to clarify the anti-noise performance of this algorithm, we do some other 
experiments. Firstly, the BARREL’s image is mixed with salt and pepper noise, shown in Figure 
8. When the noise density is greater than 0.33, the measurement with the Sobel operator has 
the distinct error. But the wavelet modulus maximum and the subpixel algorithm of wavelet 
modulus maximum just take on a slight fluctuation. By changing the wavelet scale, we also can 
finish an accurate measurement with the two algorithms.Therefore, the anti-noise characteristics 
of wavelet modulus maximum or wavelet spline subpixel algorithm is better than that of Sobel. 
 
 
    
(a) Sobel                                 (b) WMMA 
 
Figure 8. BARREL’s measurement with salt and pepper noise 
 
 
From the experimental results with the wavelet spline subpixel algorithm, the LENS’s 
size relative accuracy is about 0.7 um, which fully meets the needs of the appearance quality 
detection of lens module.The accuracy of the size measurement system is significantly better 
than that of the pixel-accurate solution method. The LENS’s size measurement system with the 
wavelet spline subpixel algorithm also has a good anti-noise performance, and the effectiveness 
and usefulness of the proposed subpixel algorithm are confirmed. 
 
 
4. Conclusions 
This paper addresses a new method based on machine vision for the appearance 
quality automatic detection of lens module and put forward a new way of lens module’s 
measurement based on a wavelet spline subpixel algorithm. In the process of appearance 
quality detection of lens module, this method has an important significance to reduce the 
amount of labor workers, improve the automation and intelligence degree of the lens module’s 
appearance quality detection. 
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